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MANAGING ENCODER UPDATES

BACKGROUND

Generally described, computing devices and communica-
tion networks can be utilized to exchange data and/or
information. In a common application, a computing device
can request content from another computing device via the
communication network. For example, a user at a personal
computing device can utilize a browser application to
request a content page (e.g., a network page, a Web page,
etc.) from a server computing device via the network (e.g.,
the Internet). In such embodiments, the user computing
device can be referred to as a client computing device and
the server computing device can be referred to as a content
provider.

Content providers provide requested content to client
computing devices often with consideration of 1mage quality
of the requested content as reconstructed at the client
computing device. Artifacts resulting from the encoding
process can lead to degradation of content 1image when 1t 1s
reconstructed at the client computing device.

Some content providers attempt to facilitate the delivery
of requested content through the utilization of a content
delivery network (“CDN”) service provider. As with content
providers, CDN service providers also provide requested
content to client computing devices often with consideration
of 1mage quality of the requested content to the client
computing device. Accordingly, CDN service providers
often consider image quality as part of the delivery service.

BRIEF DESCRIPTION OF THE DRAWINGS

Throughout the drawings, reference numbers may be
re-used to mdicate correspondence between referenced ele-
ments. The drawings are provided to illustrate example
embodiments described herein and are not mtended to limait
the scope of the disclosure.

FIG. 1 1s a block diagram of a content delivery environ-
ment that includes one or more client devices, one or more
edge locations, and a video packaging system 1n accordance
with some embodiments;

FIG. 2 15 a block diagram of 1llustrative components of a
client computing device configured to remotely process
content 1n accordance with some embodiments;

FI1G. 3 1s a block diagram of illustrative components of an
encoder of a packaging and origination service configured to
manage sample adaptive ofiset filter parameters for 1mple-
mentation 1n content encoding in accordance with some
embodiments;

FIGS. 4A-4C are block diagrams of the content delivery
environment of FIG. 1 illustrating the interaction 1n updating
encoders 1n accordance with some embodiments;

FIG. 5 1s a flow diagram 1llustrative of an encoder update
processing routine implemented by a video packaging and
origination system 1n accordance with some embodiments;

FI1G. 6 1s a flow diagram 1llustrative of an encoder update
processing routine 1mplemented by an encoder in accor-
dance with some embodiments; and

FI1G. 7 1s a flow diagram 1llustrative of an encoder update
processing routine 1mplemented by an encoder in accor-
dance with some embodiments.

DETAILED DESCRIPTION

Generally described, content providers can provide con-
tent to requesting users. With regard to video content, a
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content provider can implement a video packaging and
origination service that 1s able to deliver video content to
requesting users. Still further, the content provider or pack-
aging and origination service can ufilize a CDN or other
content delivery component to deliver video content to
requesting users or client computing devices utilizing
streaming transmissions in accordance with one of a range
of communication protocols, such as the hypertext transfer
protocol (“HT'TP”).

Content providers can organize requested content, such as
a video file, into multiple segments that are then transmaitted
to requesting devices segment by segment. For example, in
a video stream, each segmented portion typically accounts
for 2-10 seconds of video rendered on a receiving device.
Each video segment can be encoded by a video packaging
and origination service according to an encoding format
utilized by the encoder to generate the output stream. The
encoding format can correspond to a content representation
format for storage or transmission of video content (such as
in a data file or bitstream). Examples of encoding formats
include but not limited to the motion pictures expert group
(“MPEG) MPEG-2 Part 2, MPEG-4 Part 2, H.264 (MPEG-4
Part 10), H.265 high efliciency video coding (“HEV(C”),
Theora, RealVideo RV40, VP9, and AOMedia Video 1
(“AV1”), and the like.

In some scenarios, a video packaging and origination
service can perform maintenance of the video encoder
components utilized 1n the video packaging and origination
service. For example, the video packaging and origination
service may want to update one or more encoder compo-
nents to software encoding defects, video quality 1ssues,
security 1ssues, or to otherwise modily or enhance the
performance of the encoder components. Traditionally, to
implement an update to an encoder component, a video
packaging and origimnation service would implement a
fallover procedure 1 which a target encoder component
would be terminated and a new encoder component having
the update would begin operation. In such approaches,
however, typical failover scenarios are imperfect because
removal of an active encoder component necessarily intro-
duces imperfections to the encoded content delivered to
requesting entities, such as user devices or content delivery
networks. For example, 1f an active encoder component 1s
generating content streams that correspond to a channel that
corresponds to continuous streaming, the imperfections
associated with a failover would present noticeable 1mper-
fections 1n the content presented to consumers.

In some embodiments, a content delivery network can
also 1mplement failover or recovery systems that would
manage content streams after they have been transmitted
from the video packaging and origination service. Such
systems can be generally described as downstream error
recovery systems and are typically outside of the control or
management of the video packaging and origination service.
In typical implementation of downstream error recovery
systems, the interruption of an active content stream by the
target encoder component and introduction of a failover
content stream by an updated encoder component can also
cause the downstream error recovery systems to buller
content, which creates further lag in substantially live trans-
missions. Additionally, because downstream error recovery
systems are typically outside of the control or management
by a video packaging and origination service, such imple-
mentations tend to provide for inconsistent user experiences.

Aspects of the present application correspond to a content
streaming system and methodology for managing encoder
components. More specifically, in an illustrative embodi-
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ment, a video packaging and origination service can include
one or more encoder components that receive content for
encoding and transmitting to requesting entities. Illustra-
tively, the content can be provided by an original content
provider, which configures the video packaging and origi-
nation service to encode one or more content streams in
response to requests for the content streams. Individual
encoder components receive or access content, encode the
content according to one or more encoding profiles defined
by an encoding bitrate and format, and make the encoded
content streams available for transmission.

During the operation of the encoder components, a man-
agement service associated with the video packaging and
origination service can receive information related to
updates or modifications to the encoder components.
Responsive to the information, the management service can
cause the instantiation and configuration of an updated
encoder component that will function as a replacement for
the target encoder component. In one embodiment, the
updated encoder component can correspond to a stand-alone
instance ol an encoder component (either a physical com-
puting device or virtualized implementation) that can be
selected or instantiated and configured by the management
service. In another embodiment, the updated encoder com-
ponent can correspond to a logical implementation 1 a
virtualized network in which the updated encoder compo-
nent corresponds to a duplicated child process of the current
target encoder component.

Once the updated encoder component 1s instantiated and
configured, both the updated and target encoder components
receive content for streaming, encode content and generat-
ing encoding content. Illustratively, both the updated
encoder component and target encoder component can uti-
lize the same 1nputs, including synchronization information
(c.g., timestamp 1nformation, timecode sequences or
sequence numbers) to ensure that the encoded output 1s
substantially interchangeable or substantially similar. Addi-
tionally, the updated encoder component can initiate a
notification to the target encoder component that a handover
will be occurring and begin a negotiation process identifying,
a handover event at which time the updated target encoder
component will cease operation or otherwise have a lower
priority than the updated encoder component. For example,
the handover event can correspond to an i1dentification of a
frame number 1n the encoded content stream or a timestamp
associated with the content stream.

Based on the negotiated handover event, the target
encoder component can 1llustratively cease operation upon
evaluation and detection of the handover event or otherwise
include some designation that the output of the target
encoder component should not be used. The target encoder
component can generate a notification regarding the deter-
mination of the handover event and confirmation of a change
in operation. At the same time, the updated encoder com-
ponent continues to operate 1n an uninterrupted manner such
that the handover event associated with the target encoder
component does not create the imperfections associated with
the traditional embodiments described above or otherwise
cause the buflering of content streams (due to interruption)
in downstream error processing systems.

FIG. 1 1llustrates a general content delivery environment
100 for delivering content from original content providers to
user devices. The content delivery environment 100 includes
a plurality of devices 102 utilized by individual users,
generally referred to as client computing devices, to request
streaming or download content from a video packaging and
origination service 120. Illustratively, the video packaging
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and origination service 120 indexes a collection of source
video content (either live streaming or file-based video-on-
demand) and delivers it to clients via a wide range of
communication protocols such as HI'TP Live Streaming
(“HLS), Dynamic Adaptive Streaming over HTTP
(“DASH”), HI'TP Dynamic Streaming (“HDS”), Real Time
Messaging Protocol (“RTMP”), Smooth Streaming, and the
like. Based on consumer demand, a video packaging and
origination service 120 can also provide advanced video
transmission features such as just-in-time packaging of
video content, digital rights management (“DRM”) encryp-
tion, time-shifting, bitrate selection, catch up TV, and more.
The content can be 1illustratively provided by one or more
origin sources, such as original content provider 130.

Client computing devices 102 may include any number of
different computing devices capable ol communicating with
the networks 140, 150, 160, via a direct connection or via an
intermediary. For example, individual accessing computing
devices may correspond to a laptop or tablet computer,
personal computer, wearable computer, server, personal
digital assistant (“PDA”), hybrid PDA/mobile phone,
mobile phone, electronic book reader, set-top box, camera,
appliance (e.g., a thermostat or refrigerator), controller,
digital media player, watch, eyewear, a home or car device,
Internet of Things (“Io1”) devices, virtual reality or aug-
mented reality devices, and the like. Each client computing
device 102 may optionally include one or more data stores
(not shown in FIG. 1) including various applications or
computer-executable instructions, such as web browsers,
used to implement the embodiments disclosed herein. Illus-
trative components of a client computing device 102 will be
described with regard to FIG. 2.

In some embodiments, a CDN service provider 110 may
include multiple edge locations from which a user device
can retrieve content. Individual edge location 112 may be
referred to herein as a point of presence (“POP”), where a
POP i1s mtended to refer to any collection of related com-
puting devices utilized to implement functionality on behalf
of one or many providers. POPs are generally associated
with a specific geographic location in which the computing
devices implementing the POP are located, or with a region
serviced by the POP. As illustrated in FIG. 1, the POP 110
can include one or more metric information processing
components 114 for processing information provided by
client computing devices 102 and for managing content
provided by the video packaging and origination service
120. The POP 112 can tfurther include a data store 116 for
maintaining collected information. For example, a data
center or a collection of computing devices within a data
center may form a POP. In some instances, the POPs may
implement one or more services, such as CDN services, data
storage services, data processing services, etc. The CDN
service provider 110 may include multiple POPs located 1n
different geographic locations so that user devices can
communicate with a nearby a POP to retrieve content,
thereby reducing the latency of delivering requested content.

Networks 140, 150, 160 may be any wired network,
wireless network, or combination thereof. In addition, the
networks 140, 150, 160 may be a personal area network,
local area network, wide area network, cable network, fiber
network, satellite network, cellular telephone network, data
network or combination thereof. In the example environ-
ment of FIG. 1, network 140 1s a global area network
(“GAN”), such as the Internet. Protocols and components
for communicating via the other alorementioned types of
communication networks are well known to those skilled 1n
the art of computer communications and thus, need not be
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described in more detail herein. While each of the client
computing devices 102 and CDN service provider 110 are
depicted as having a single connection to the network 140,
individual components of the client computing devices 102
and CDN service provider 110 may be connected to the
network 140 at disparate points. Accordingly, communica-
tion times and capabilities may vary between the compo-
nents of FIG. 1. Likewise, although FIG. 1 1s 1llustrated as
having three separate networks 140, 150, 160, one skilled in
the relevant art will appreciate that the video packaging and
origination service 120 may utilize any number or combi-
nation of networks.

The original content providers 130 may include one or
more servers 132 for delivering content, a data store 134 for
maintaining content and a communication manager 136 for
facilitating communications to the video packaging and
origination service 120 over network® 160.

In accordance with embodiments, the video packaging
and origination service 120 includes a set of encoding
components 122 for receiving content provided by the
original content providers 130 (or other source) and pro-
cessing the content to generate a set ol encoded video
segments available for delivery. The video packaging and
origination service 120 can further include a data store 126
for maintaining collected content streaming information,
update information, or configuration information. The video
packaging and origination service 120 1s further associated
with a management component 124 to facilitate the deter-
mination ol an update to one or more target encoder com-
ponents, cause an instantiation of updated encoder compo-
nents and cause or confirm a handover event or stop event.
The management component 124 can delegate at least some
portion of the identified functionality to the encoder com-
ponents themselves, such as the determination or negotiation
of the handover or stop events.

It will be appreciated by those skilled 1n the art that the
video packaging and origination service 120 and informa-
tion processing component 114 may have fewer or greater
components than are illustrated in FIG. 1. Thus, the depic-
tion of the video packaging and origination service 120 and
the information processing component 114 i FIG. 1 should
be taken as illustrative. For example, 1n some embodiments,
components of the video packaging and origination service
120 and the processing component 114 may be executed by
one more virtual machines implemented in a hosted com-
puting environment. A hosted computing environment may
include one or more rapidly provisioned and released com-
puting resources, which computing resources may include
computing, networking or storage devices.

FIG. 2 depicts one embodiment of an architecture of an
illustrative user computing device 102 that can generate
content requests and process metric information 1 accor-
dance with the present application. The general architecture
of the user computing device 102 depicted 1n FIG. 2 includes
an arrangement of computer hardware and software com-
ponents that may be used to implement aspects of the present
disclosure. As illustrated, the user computing device 102
includes a processing unit 204, a network mtertface 206, an
iput/output device interface 209, an optional display 202,
and an mput device 224, all of which may communicate with
one another by way of a communication bus.

The network interface 206 may provide connectivity to
one or more networks or computing systems, such as the
network 140 of FIG. 1 and the video packaging and origi-
nation service 120 or the original content provider 130. The
processing unit 204 may thus receive information and
instructions from other computing systems or services via a
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network. The processing unit 204 may also communicate to
and from memory 210 and further provide output informa-
tion for an optional display 202 via the input/output device
interface 209. The mput/output device interface 209 may
also accept mput from the optional mput device 224, such as
a keyboard, mouse, digital pen, etc. In some embodiments,
the user computing device 102 may include more (or fewer)
components than those shown in FIG. 2.

The memory 210 may include computer program instruc-
tions that the processing unit 204 executes in order to
implement one or more embodiments. The memory 210
generally includes RAM, ROM, or other persistent or non-
transitory memory. The memory 210 may store an operating
system 214 that provides computer program instructions for
use by the processing unit 204 in the general administration
and operation of the user computing device 102. The
memory 210 may further include computer program instruc-
tions and other information for implementing aspects of the
present disclosure. For example, in one embodiment, the
memory 210 includes interface sotftware 212 for requesting
and receiving content from the video packaging and origi-
nation service 120 via the CDN service provider 110. For
example, 1n one embodiment, the memory 210 includes a
network application 216, such as browser application or
media player, for accessing content, decoding the encoded
content, and communicating with the CDN service provider
110.

FIG. 3 depicts one embodiment of an architecture of an
illustrative encoding component 122 for implementing the
video packaging and origmnation service 120 described
herein. The general architecture of the encoding component
122 depicted 1n FIG. 3 includes an arrangement of computer
hardware and soitware components that may be used to
implement aspects of the present disclosure. As 1llustrated,
the encoding component 122 of the video packaging and
origination service 120 includes a processing unit 304, a
network interface 306, a computer readable medium drive
308, an mput/output device iterface 309, all of which may
communicate with one another by way of a communication
bus. The components of the encoding component 122 may
be physical hardware components or implemented 1n a
virtualized environment.

The network interface 306 may provide connectivity to
one or more networks or computing systems, such as the
network 150 or network 160 of FIG. 1. The processing unit
304 may thus receirve mnformation and instructions from
other computing systems or services via a network. The
processing unit 304 may also communicate to and from
memory 310 and further provide output information for an
optional display via the input/output device interface 309. In
some embodiments, the encoding component 122 may
include more (or fewer) components than those shown 1n
FIG. 3.

The memory 310 may include computer program instruc-
tions that the processing umit 304 executes in order to
implement one or more embodiments. The memory 310
generally includes RAM, ROM, or other persistent or non-
transitory memory. The memory 310 may store an operating
system 314 that provides computer program instructions for
use by the processing umt 304 in the general adminmistration
and operation of the video packaging and origination service
120. The memory 310 may further include computer pro-
gram 1nstructions and other information for implementing
aspects of the present disclosure. For example, 1n one
embodiment, the memory 310 includes interface software
312 for recerving and processing content requests from user
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devices 102. Memory 310 includes an encoder 316 {for
encoding video segments to be sent to user devices 102 1n
response to content requests.

As will be described 1n detail below, the encoder 316
includes an upgrade iterface component 318 for managing
the interactions between the target encoder components and
updated encoder components. Illustratively, both the target
encoder component and updated encoder component can
correspond to the architecture illustrated 1n FIG. 3. In that
regard, an updated encoder component that replaces a target
encoder component can in turn become a target encoder
component to be subsequently replaced by another updated
encoder component. Illustratively, the upgrade interface
component 316 can function to transmit timing and syn-
chronization information to an encoder component function-
ing as an updated encoder component. The timing and
synchronization information can include timing informa-
tion, such as time stamp, timecode sequence, or sequence
numbers, that allow two encoder components 122 to gen-
crate outputs that are substantially interchangeable based on
having common reference information. The timing and
synchronization information can further include a determi-
nation/definition of a handover event that will indicate a
point 1n time 1 which the target encoder component will
cease to generate output or otherwise designate an output as
having a lower priority than an updated encoder component.
The handover event can be 1llustratively specified by a frame
number or timestamp information related to the encoded
content. Symmetrically, the upgrade interface component
316 can function to receive and process timing and synchro-
nization information to an encoder component functionming,
as a target encoder component. Although the exchange of
timing and synchronization information will be 1llustrated as
a single interaction between two encoder components 122,
the exchange of timing and synchronization information
may include a number of interactions.

As specified above, 1n one embodiment, the encoder
components 122 illustrated 1n FIG. 3 can be implemented as
physical computing devices or virtualized computing
devices 1n a computing network. In another embodiment, the
encoded components 122 may be implemented as logical
components 1 a virtual computing network in which the
functionality of the encoder components are implemented by
an underlying substrate network of physical computing
devices. In this embodiment, the logical encoder compo-
nents may not be actually instantiated in the physical com-
puting devices of the substrate network. Accordingly, refer-
ence to instantiation of the encoder components can
correspond to a configuration of physical computing devices
functioning as encoder components, instantiation of virtu-
alized computing devices functioning as encoder compo-
nents, or instantiation of logical components 1n a virtualized
network. In each of these examples, the creation, configu-
ration, and implementation of the components and the
interactions described herein would vary according to the
specific instantiation of the encoder component. Thus,
aspects of the present application should not be limited to
interpretation requiring a physical, virtual, or logical
embodiment unless specifically indicated as such.

Turning now to FIGS. 4A-4C, an 1llustrative interaction
for the updating of encoder components 122 will be
described. For purposes of illustration, FIGS. 4A-4C 1llus-
trate interaction between the components of the video pack-
aging and origination service 120. Such interaction 1s rep-
resentative 1n nature and could include a number of
additional components or interactions. Additionally,
although logically represented as components within the
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video packaging and origination service 120, one skilled 1n
the relevant art will appreciate that implementation of the
components can be accomplished 1n many ways. The nter-
action of FIGS. 4A-4C 1illustratively occur after the video
packaging and origination service 120 as received a request-
ing enfity request for streaming content and an original
content provider 130 has provided the requested content to
the video packaging and origination service 120.

For purposes of illustration, the content request from the
user device 102 can be accomplished via access to one or
more soltware applications on the user device to request
content, such as streaming content. For example, the user
device can generate an interface for receiving user com-
mands or interactions and transmit the request. The 1nitial
content request may be transmitted directly to the video
packaging and origination service 120 and then sent to a
selected content delivery network POP 110. Alternatively,
the mnitial content request may be routed, such as via DNS
routing or H1'TP-based routing, to a POP 110. For purposes
of illustration, the recerving POP 110 may not have a copy
of the requested file and may need to retrieve at least a
portion of the requested content.

Additionally, the original content provider 130 transmits
the streaming content 1n a number of ways from the original
content provider 130 to the video packaging and orientation
service 120. At the video packaging and orientation service
120, an mngress component or other processing component
can decode mmcoming content and make 1t available for
encoding and transmission to the user device 102.

With reference to FI1G. 4A, encoder component 122 A will
illustratively function as the target encoder that 1s subject to
update and encoder component 122B will function as the
updated encoder. At (1), the target encoder 122 A recerves or
accesses the content for transmission. The target encoder
component 122 A can obtain the content from data store 126
in embodiments 1n which the content has been received and
processed. At (2), the encoding component 122A encodes
the content according to one or more encoding profiles (e.g.,
combinations of encoding bitrate and format) corresponding
to the content streams being provided to the requesting
entities. As described above, by way of example, examples
of encoding formats include but not limited to the motion
pictures expert group (“MPEG) MPEG-2 Part 2, MPEG-4
Part 2, H.264 (MPEG-4 Part 10), H.265 high efliciency
video coding (“HEVC”), Theora, RealVideo RV40, VP9,
and AOMedia Video 1 (*AV1”), and the like. At (3), the
target encoder component 122A generates the outputs. Illus-
tratively, the video packaging and origination service 120
can have additional components that receive the output
streams from the encoder component 122A for transmission
to the requesting entities.

At some point during the encoding process, at (4), the
management component 124 of the video packaging and
origination service 120 receives or generates updates to the
encoder components. Illustratively, the update notification
can 1nclude an 1dentification of individual encoder compo-
nents 122 to be “updated,” identification of types of encoder
to be updated, timing information regarding the implemen-
tation of updates, additional processing information, and the
like. At (5), the update notification can include executable
code corresponding to the updated encoder or to change
existing encoder information, configuration information uti-
lized to configure an instantiated updated encoder, or an
identification of location of executable code or configuration
information.

At (6), the management component 124 instantiates, or
causes to be instantiated, an updated encoder 122B. As
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described above, 1n one embodiment, the encoder compo-
nent 122B can be implemented as physical computing
devices or virtualized computing devices 1 a computing
network. In another embodiment, the encoded component
122B may be mmplemented as logical components in a
virtual computing network 1n which the functionality of the
encoder components are mmplemented by an underlying
substrate network of physical computing devices. In this
embodiment, the logical encoder components may not be
actually instantiated in the physical computing devices of
the substrate network. Accordingly, reference to instantia-
tion of the encoder components can correspond to a con-
figuration of physical computing devices functioning as
encoder components, mnstantiation of virtualized computing
devices functioning as encoder components, or instantiation
of logical components 1n a virtualized network. Illustra-
tively, the instantiation of the updated encoder component
122B includes configuration mnformation that will allow the
encoder component 122B to generate output that 1s substan-
tially compatible or similar to the output of the target
encoder component 122A, including encoding format,
encoding process, synchronization information, and the like.

Turning to FIG. 4B, after the instantiation of the target
encoder component 122B 1s completed, both the target
encoder component 122A and updated encoder component
122B will begin processing the same content and generating
substantially similar outputs. At (1), the target encoder
component 122A and updated encoder component 122B
receive or access the content for transmission. At (2), the
target encoder component 122A and updated encoder com-
ponent 122B encode the content according to the same one
or more encoding profiles (e.g., combinations of encoding
bitrate and format) corresponding to the content streams
being provided to the requesting entities. As described
above, by way of example, examples of encoding formats
include but not limited to the motion pictures expert group
(“MPEG) MPEG-2 Part 2, MPEG-4 Part 2, H.264 (MPEG-4
Part 10), H.265 high efliciency video coding (“HEV(C”),
Theora, RealVideo RV40, VP9, and AOMedia Video 1
(“AV1”), and the like. At (3), the target encoder component
122A and updated encoder component 122B generate out-
puts. Illustratively, at this point 1n the illustration, the video
packaging and origination service 120 would include addi-
tional functionality or components that would be able to
receive both output content streams and either discard the
updated encoder component 122B stream. Alternatively,
updated encoder component 122B may continue to encode
content for delivery but not generate any outputs.

At (4), the target encoder component 122A and updated
encoder component 122B exchange timing and synchroni-
zation information and negotiate a handover or stop event.
In one embodiment, the updated encoder component 122B
can initiate a notification to the target encoder component
122A that a handover will be occurring and begin a nego-
tiation process 1dentifying a handover event at which time
the updated target encoder component will cease operation
or otherwise have a lower priority than the updated encoder
component. For example, the handover event can corre-
spond to an 1dentification of a frame number in the encoded
content stream or a timestamp associated with the content
stream. If the target encoder component 122A and updated
encoder component 122B outputs are not otherwise syn-
chronized, the target encoder component 122 A and updated
encoder component 122B can also decide upon synchroni-
zation information so that the outputs of the target encoder
component 122A and updated encoder component 122B are
substantially similar as described above. FIG. 4B 1llustrates
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that the timing and synchronization negotiation 1s managed
between the target encoder component 122A and updated
encoder component 122B. In other embodiments, the man-
agement component 124 may also interact in a manner to
facilitate the negotiation or provide the handover event or
stop event criteria.

Turning now to FIG. 4C, based on the negotiated han-
dover event, at (1) the target encoder component 122A
determines that the handover event or stop event criteria
have been met. It so, the target encoder component 122A can
cause a shutdown or ceasing of operations, designate its
operations with some 1dentifiers or otherwise designate the
generated output as able to be discarded or having a lower
priority that outputs from the updated encoder component
122B. In the case of a logical implementation of the target
encoder component 122A, the underlying substrate network
can cause the logical component to “cease” operating by no
longer emulating the function or replacing with the emula-
tion of a diferent logical component. At (2), the target
encoder component 122 A can generate a notification regard-
ing the determination of the handover event and confirma-
tion of a change 1n operation.

With continued reference to FIG. 4C, at the same time, the
updated encoder component 122B continues to operate 1n an
uninterrupted manner. More specifically, at (1) the updated
encoder component 122B determines that the handover
event or stop event criteria also have been met. At (2), the
updated encoder component 122B can begin generating
outputs or having outputs with a higher priority. In this
example, the updated encoder component 122B already has
content ready for output.

At (3), the updated encoder component 122B continues to
receive the content and at (3), encodes the content according
to the same one or more encoding profiles (e.g., combina-
tions of encoding bitrate and format) corresponding to the
content streams being provided to the requesting entities. At
(4), the updated encoder component 122B continues to
encode the content and generate outputs. Illustratively, at
this point 1n the illustration, the video packaging and origi-
nation service 120 would include additional tunctionality or
components that would be able to receive both output
content streams and either discard the target encoder com-
ponent 122A stream or switch to the output of the updated
encoder component 122B. Accordingly, because the output
of the target encoder component 122 A 1s not terminated until
aiter the outputs of the updated encoder component 1228
are transmitting, there potential for service interruption
based on the update 1s significantly reduced and not subject
to the disruptions noticed by the requesting entities.

Turning now to FIG. 5, a routine 500 for processing
encoder component updates will be described. Illustratively,
routine 500 will be described with regard to implementation
by the video packaging and origination service 120 or the
management component 124. At block 502, the management
component 124 of the video packaging and origination
service 120 receives or generates updates to the encoder
components. Illustratively, the update noftification can
include an identification of individual encoder components
122 to be “updated,” identification of types of encoder to be
updated, timing information regarding the implementation
of updates, additional processing information, and the like.
The update notification can include executable code corre-
sponding to the updated encoder or to change existing
encoder information, configuration imnformation utilized to
configure an instantiated updated encoder, or an 1dentifica-
tion of location of executable code or configuration infor-
mation.



US 11,172,010 Bl

11

At block 504 the management component 124 instanti-
ates, or causes to be mnstantiated, an updated encoder 122B.
As described above, 1n one embodiment, the encoder com-
ponent 122B can be implemented as physical computing
devices or virtualized computing devices 1 a computing
network. In another embodiment, the encoded component
122B may be mmplemented as logical components in a
virtual computing network 1n which the functionality of the
encoder components are mmplemented by an underlying
substrate network of physical computing devices. In this
embodiment, the logical encoder components may not be
actually instantiated in the physical computing devices of
the substrate network. Accordingly, reference to instantia-
tion of the encoder components can correspond to a con-
figuration of physical computing devices functioning as
encoder components, mnstantiation of virtualized computing
devices functioning as encoder components, or instantiation
of logical components 1n a virtualized network. Illustra-
tively, the instantiation of the updated encoder component
122B includes configuration mnformation that will allow the
encoder component 122B to generate output that 1s substan-
tially compatible or similar to the output of the target
encoder component 122A, including encoding format,
encoding process, synchronization information, and the like.

At block 506, the management component 124 can facili-
tate exchange of timing and synchronization information
and negotiate a handover or stop event between the target
encoder component 122A and updated encoder component
122B. As described above, 1n one embodiment, the updated
encoder component 122B can initiate a notification to the
target encoder component 122A that a handover will be
occurring. In this embodiment, block 506 may be optional or
more limited. In other embodiments, the management com-
ponent 124 may initiate the notification or transmit the
timing and synchronization information. At block 3508, the
management component 124 receives notification of the
determination of the handover event or determines that a
handover event has occurred and causes a shutdown or
modification of the target encoder component 122A or
receives notification of such an occurrence. As described
above, the target encoder component 122A can cause a
shutdown or ceasing of operations, designate its operations
with some 1dentifiers, or otherwise designate the generated
output as able to be discarded or having a lower priority that
outputs from the updated encoder component 122B. In the
case¢ of a logical implementation of the target encoder
component 122A, the underlying substrate network can
cause the logical component to “cease” operating by no
longer emulating the function or replacing with the emula-
tion of a diflerent logical component. Additionally, the target
encoder component 122 A can generate a notification regard-
ing the determination of the handover event and confirma-
tion of a change in operation. At block 510, the routine 500
terminates.

Turning now to FIG. 6, a routine 600 for encoder update
processing will be described. Illustratively, routine 600 waill
be described with regard to implementation by the target
encoder component 122A after a nofification from the
updated encoder component 122B has been received and
timing/synchronization information has been exchanged. At
block 602, the target encoder continues to receive or access
the content for transmission. At block 604, the target encoder
component 122A and updated encoder component 122B
encode the content according to the same one or more
encoding profiles (e.g., combinations of encoding bitrate and
format) corresponding to the content streams being provided
to the requesting entities. As described above, by way of
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example, examples of encoding formats include but not
limited to the motion pictures expert group (“MPEG)
MPEG-2 Part 2, MPEG-4 Part 2, H.264 (MPEG-4 Part 10),
H.265 high efliciency video coding (“HEV(C”), Theora,
RealVideo RV40, VP9, and AOMedia Video 1 (“AV1”), and
the like. At block 604, the target encoder component 122A
generates outputs. Illustratively, at this point 1n the 1llustra-
tion, the video packaging and origination service 120 would
include additional functionality or components that would
be able to receive both output content streams and either
discard the updated encoder component 122B stream.

At block 606, the target encoder component 122A evalu-
ates the timing and synchronization information to deter-
mine whether a handover or stop event has occurred. For
example, the handover event can correspond to an 1dentifi-
cation of a frame number in the encoded content stream or
a timestamp associated with the content stream. At decision
block 608, a determination 1s made as to whether a handover
or stop event has been determined. If not, the routine 600
will return to block 602 1 which the target encoder com-
ponent 122A will continue to generate outputs 1n parallel
with the updated encoder component 122B.

IT at decision block 608, it 1s determined that a handover
or stop event has occurred, at block 610, the target encoder
component 122A processing the encoding stop event or
handover event. As described above, the target encoder
component 122A can cause a shutdown or ceasing of
operations, designate its operations with some 1dentifiers, or
otherwise designate the generated output as able to be
discarded or having a lower priority that outputs from the
updated encoder component 122B. In the case of a logical
implementation of the target encoder component 122A, the
underlying substrate network can cause the logical compo-
nent to “cease” operating by no longer emulating the func-
tion or replacing with the emulation of a different logical
component. Additionally, the target encoder component
122 A can generate a notification regarding the determination
of the handover event and confirmation of a change 1n
operation. At block 612, the routine 600 terminates or begins
another 1teration of routine 600.

Turning now to FIG. 7, a routine 700 for encoder update
processing will be described. Illustratively, routine 600 will
be described with regard to implementation by the updated
encoder component 122B after the updated encoder com-
ponent 122B has been instantiated. At block 602, the
updated encoder component 122B begins to receive or
access the content for transmission. At block 704, the
updated encoder component 122B encode the content
according to the same one or more encoding proiiles (e.g.,
combinations of encoding bitrate and format) corresponding
to the content streams being provided to the requesting
entities. As described above, examples of encoding formats
include but not limited to the motion pictures expert group
(“MPEG) MPEG-2 Part 2, MPEG-4 Part 2, H.264 (MPEG-4
Part 10), H.265 high efliciency video coding (“HEV(C”),
Theora, RealVideo RV40, VP9, and AOMedia Video 1
(“AV1”), and the like. At block 704, the target encoder
component 122A continues to generate outputs. Illustra-
tively, at this point the video packaging and origination
service 120 would include additional functionality or com-
ponents that would be able to receive both output content
streams and either discard the updated encoder component
1228 stream.

At block 706, the updated encoder component 122B
cvaluates the timing and synchronization information to
determine whether a handover or stop event has occurred.
For example, the handover event can correspond to an
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identification of a frame number 1n the encoded content
stream or a timestamp associated with the content stream.
[lustratively, when the handover event occurs (e.g., the
timecode), the target encoder component 122 A will cease to
transmit and the updated encoder component 122B will
begin transmitting. At decision block 708, a determination 1s
made as to whether a handover or stop event has been
determined. If not, the routine 700 will return to block 702
in which the updated encoder component 122B will continue
to wait 1n parallel with the target encoder component 122A
continuing to transmit content.

I at decision block 708, it 1s determined that a handover
or stop event has occurred, at block 710, the updated encoder
component 122B processes the encoding stop event or
handover event. More specifically, the updated encoder
component 122B can begin generating encoded outputs 1n
place or at a higher priority that target encoder component
122A. At block 712, the routine 700 terminates or begins
another 1teration of routine 700.

All of the methods and tasks described herein may be
performed and fully automated by a computer system. The
computer system may, in some cases, include multiple
distinct computers or computing devices (e.g., physical
servers, workstations, storage arrays, cloud computing
resources, etc.) that communicate and interoperate over a
network to perform the described functions. Fach such
computing device typically includes a processor (or multiple
processors) that executes program instructions or modules
stored 1n a memory or other non-transitory computer-read-
able storage medium or device (e.g., solid state storage
devices, disk drives, etc.). The various functions disclosed
herein may be embodied 1n such program instructions, or
may be implemented 1n application-specific circuitry (e.g.,
ASICs or FPGAs) of the computer system. Where the
computer system includes multiple computing devices, these
devices may, but need not, be co-located. The results of the
disclosed methods and tasks may be persistently stored by
transforming physical storage devices, such as solid state
memory chips or magnetic disks, into a different state. In
some embodiments, the computer system may be a cloud-
based computing system whose processing resources are
shared by multiple distinct business entities or other users.

Depending on the embodiment, certain acts, events, or
functions of any of the processes or algorithms described
herein can be performed 1in a different sequence, can be
added, merged, or left out altogether (e.g., not all described
operations or events are necessary for the practice of the
algorithm). Moreover, 1n certain embodiments, operations or
events can be performed concurrently, e.g., through multi-
threaded processing, interrupt processing, or multiple pro-
cessors or processor cores or on other parallel architectures,
rather than sequentially.

The various illustrative logical blocks, modules, routines,
and algorithm steps described i1n connection with the
embodiments disclosed herein can be implemented as elec-
tronic hardware (e.g., ASICs or FPGA devices), computer
software that runs on computer hardware, or combinations
of both. Moreover, the various illustrative logical blocks and
modules described in connection with the embodiments
disclosed herein can be implemented or performed by a
machine, such as a processor device, a digital signal pro-
cessor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof
designed to perform the functions described herein. A pro-
cessor device can be a microprocessor, but 1n the alternative,
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the processor device can be a controller, microcontroller, or
state machine, combinations of the same, or the like. A
processor device can include electrical circuitry configured
to process computer-executable instructions. In another
embodiment, a processor device includes an FPGA or other
programmable device that performs logic operations without
processing computer-executable instructions. A processor
device can also be implemented as a combination of com-
puting devices, e.g., a combination of a DSP and a micro-
processor, a plurality of microprocessors, one or more
microprocessors 1 conjunction with a DSP core, or any
other such configuration. Although described herein primar-
1ly with respect to digital technology, a processor device
may also include primarily analog components. For
example, some or all of the rendering techniques described
herein may be implemented 1n analog circuitry or mixed
analog and digital circuitry. A computing environment can
include any type of computer system, including, but not
limited to, a computer system based on a microprocessor, a
mainiframe computer, a digital signal processor, a portable
computing device, a device controller, or a computational
engine within an appliance, to name a few.

The elements of a method, process, routine, or algorithm
described 1n connection with the embodiments disclosed
herein can be embodied directly in hardware, in a software
module executed by a processor device, or 1n a combination
of the two. A software module can reside in RAM memory,
flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM,
or any other form of a non-transitory computer-readable
storage medium. An exemplary storage medium can be
coupled to the processor device such that the processor
device can read information from, and write information to,
the storage medium. In the alternative, the storage medium
can be integral to the processor device. The processor device
and the storage medium can reside in an ASIC. The ASIC
can reside 1n a user terminal. In the alternative, the processor
device and the storage medium can reside as discrete com-
ponents 1n a user terminal.

Conditional language used herein, such as, among others,
can,” “could,” “might,” “may,” “e.g.,” and the like, unless
specifically stated otherwise, or otherwise understood within
the context as used, 1s generally intended to convey that
certain embodiments include, while other embodiments do
not include, certain features, elements or steps. Thus, such
conditional language 1s not generally intended to imply that
features, elements or steps are in any way required for one
or more embodiments or that one or more embodiments
necessarily include logic for deciding, with or without other
input or prompting, whether these features, elements or steps
are 1ncluded or are to be performed in any particular
embodiment. The terms “comprising,” “including,” “hav-
ing,” and the like are synonymous and are used inclusively,
in an open-ended fashion, and do not exclude additional
clements, features, acts, operations, and so forth. Also, the
term “or” 1s used 1n 1ts inclusive sense (and not 1n 1its
exclusive sense) so that when used, for example, to connect
a list of elements, the term “or” means one, some, or all of
the elements 1n the list.

Disjunctive language such as the phrase “at least one of X,
Y, or Z,” unless specifically stated otherwise, 1s otherwise
understood with the context as used 1n general to present that
an 1tem, term, etc., may be either X, Y, or 7Z, or any
combination thereof (e.g., X, Y, or Z). Thus, such disjunctive
language 1s not generally intended to, and should not, imply
that certain embodiments require at least one of X, at least

one of Y, and at least one of Z to each be present.
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While the above detailed description has shown,
described, and pointed out novel features as applied to
various embodiments, 1t can be understood that various
omissions, substitutions, and changes in the form and details
of the devices or algorithms 1llustrated can be made without
departing from the spirit of the disclosure. As can be
recognized, certain embodiments described herein can be
embodied within a form that does not provide all of the
features and benefits set forth herein, as some features can
be used or practiced separately from others. The scope of
certain embodiments disclosed herein i1s indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What 1s claimed 1s:

1. A computer-implemented method to manage encoder
components comprising:

accessing content, the content for encoding to requesting,

entities;

generating encoded output with a first encoder component

based on the accessed content, the first encoder com-
ponent having a first priority corresponding to a higher
priority;

receiving a noftification regarding an update from an

updated encoder component having a second priority
corresponding to a lower priority relative to the higher
priority;
causing the updated encoder component to generate
encoded output at the same time as the first encoder
component, wherein the encoded output of the updated
encoder component 1s based on the accessed content
and 1s substantially similar to the encoded output of the
first encoder component;
facilitating negotiations between the {irst encoder com-
ponent and the updated encoder component by trans-
mitting synchronization information, wherein the first
encoder component and the updated encoder compo-
nent negotiate to 1dentily a handover event based on the
synchronization information,
determining that handover event criteria have been met;
causing, based on the determination that the handover
cvent criteria have been met, a change 1 a priority
designation in the generation of the encoded output that
results 1n the first encoder component to have a lower
priority relative to the updated encoder component; and

causing, based on a modified priority of the first encoder
component, a modification of the generated encoded
output that includes causing a cessation of the genera-
tion of encoded output by the first encoder component,
wherein the updated encoder component continues to
generate encoded output.

2. The computer-implemented method of claim 1 further
comprising receiving the synchronization information cor-
responding to the generation of the encoded output.

3. The computer-implemented method of claim 2,
wherein the synchronization information corresponds to at
least one of timestamp 1nformation, time code or sequence
numbering.

4. The computer-implemented method of claim 1,
wherein the handover event corresponds to a frame number
in the encoded output.

5. The computer-implemented method of claim 1,
wherein the handover event corresponds to a time associated
with streaming.
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6. The computer-implemented method of claim 1,
wherein receiving the notification regarding the update from
the updated encoder component includes receiving the han-
dover event criteria.

7. The computer-implemented method of claim 1 turther
comprising transmitting a notification regarding the modi-
fication of the generated encoded output.

8. A computer-implemented method to manage encoder
components comprising:

accessing content, the content for encoding to requesting,

entities;

generating at the same time, based on the accessed

content, encoded output with a first encoder component
and encoded output with an updated encoder compo-
nent;

negotiating a handover event based on synchronization

information, the handover event associated with han-
dover critena;

determiming the handover event has occurred based on

evaluating the handover criteria;

moditying, based on the determination that the handover

event has occurred, a priority order of the generation of
encoded output, the modified priority order retlected 1n
the generated encoded output; and

causing, based on the modified priority order, a generation

of encoded output that includes causing a cessation of
generation of encoded output from the first encoder
component and a continuation of generation of encoded
output of the updated encoder component.

9. The computer-implemented method of claim 8 further
comprising exchanging the synchronization information
corresponding to the generation of the encoded output.

10. The computer-implemented method of claim 9
wherein the synchronization information corresponds to at
least one of timestamp information, time code or sequence
numbering.

11. The computer-implemented method of claim 8,
wherein the handover event corresponds to a frame number
in the encoded output or a time associated with streaming.

12. A computer-implemented method to manage encoder
components, the method comprising:

obtaining information regarding an update to a first

encoder component, the first encoder component
accessing content for encoding to requesting entities
and providing a primary source of encoded content to
the requesting entities;

instantiating an updated encoder component 1n response

to the obtained information regarding the update to the
first encoder component, the updated encoder compo-
nent accessing and encoding the content at the same
time as the first encoder component;

facilitating negotiations between the first encoder com-

ponent and the updated encoder component by trans-
mitting synchronization information, wherein the first
encoder component and the updated encoder compo-
nent negotiate to 1dentily a handover event, wherein the
handover event corresponds to identification of han-
dover event criteria;

causing notification that the handover event has occurred

based on evaluation of the handover event criteria; and
causing a modification to the first encoder component 1n
response to the occurrence of the handover event, the
modification causing a designation in the generation of
encoded output that causes the updated encoder com-
ponent to provide a primary source ol the encoded
content to the requesting entities and the modification
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causing a cessation of the generation of encoded output
by the first encoder component.

13. The computer-implemented method of claam 12
wherein the modification further causes the updated encoder
component to have a higher priority than the first encoder
component.

14. The computer-implemented method of claam 12

wherein the modification further causes the first encoder
component to have a lower priority than the updated encoder
component.

15. The computer-implemented method of claam 12
wherein the modification further causes the first encoder
component to generate a notification regarding confirmation
ol a change in operation.

16. The computer-implemented method of claim 12
wherein the modification further causes outputs from the
first encoder component to be designated as having a lower
priority than outputs from the updated encoder component.

17. The computer-implemented method of claam 12
wherein the updated encoder component 1mitiates the nego-
tiation.

18. The computer-implemented method of claam 12
wherein the updated encoder component 1nitiates a notifi-
cation to the first encoder component that the handover
event will be occurring.

19. A system to manage encoder components comprising:

one or more computing devices associated with a video

packaging and origination service, wherein the video

packaging and origination service 1s configured to:

receive a notification ol available updates to one or
more encoder components;

configure an updated encoder component correspond-
ing to the available updates;

cause the updated encoder component to access content
for encoding to requesting entities and to generate
encoded output based on the accessed content; and

facilitate negotiations between a {first encoder compo-
nent and the updated encoder component by trans-
mitting synchronization information; and

10

15

20

25

30

35

18

one or more computing devices associated with the first
encoder component, wherein the first encoder compo-
nent 1s configured to:

access the content for encoding to the requesting enti-

ties;

generate encoded output based on the accessed content,

the encoded output of the first encoder component

substantially similar to the encoded output of the

updated encoder component, the first encoder com-

ponent having a first priority corresponding to a

higher priority and the updated encoder component
having a second priority corresponding to a lower

priority relative to the higher priority;

negotiate with the updated encoder component to 1den-
tify a handover event;

determine the handover event has occurred based on
evaluating handover critena;

cause, based on the determination that the handover
event has occurred, a change 1n a priority designation
in the generation of the encoded output that results 1n
the first encoder component to have a lower priority
relative to the updated encoder component; and

cause, based on the modified priority, a modification of
the generated encoded output that includes causing a
cessation of the generation of encoded output by the
first encoder component, wherein the updated
encoder component continues to generate encoded
output.

20. The system of claim 19 wherein the updated encoder
component initiates the negotiation.

21. The system of claim 19 wherein the synchromization
information includes at least one of timestamp 1nformation,
time code, and sequence number.

22. The system of claim 19 wherein the handover event
corresponds to timing information in the encoded output
relative to at least one of timestamp information, time code,
and sequence number.
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